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® Method for producing fat containing gamma-linolentc acid. 



@ A method for producing a fat containing -rlinolenic acid comprising the steps of culturing a microorganism 
belonging to the genus Absidia . the genus IVIortlerella . the genus Mucor, the genus Rhizopus or the genus 
Syncephalastrum with a fatty acid or an ester thereof as the carbon source, and converting the fatty acid or the 
ester thereof to -y-linolenic acid. 
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METHOD FOR PRODUCING FAT CONTAINING r-UNOLENIC ACID 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 

The present invention relates to a method for producing a fat containing -y-iinolenic acid by utilizing a 
microorganism 

70 2. Description of the Related Art 

Known in the art are the methods (1) - (5) shown below as a method for producing a fat containing 7- 
iinoienic acid by utilizing microorganisms: 

(1) A method in which mould fungi of the genus Mortiereila is cultivated with a hydrocarbon as the 
75 carbon source, and a fat is recovered from the cultured mycelium (see: Japanese Unexamined Patent 

Publication (Kokai) No. 57-144986): 

(2) A method in which mould fungi of the genus Mortiereila is cultivated with a highly concentrated 
carbohydrate as the carbon source, and a fat is recovered from the cultured mycelium (see; Japanese 
Unexamined Patent- Publication (Kokai) No. 60-1 68391 ); 

20 (3) A method in which a fat producing microorganism of the genus Gilbertella is cultivated in a 

medium with a high carbon source concentration, and a fat is recovered from the cultured mycelium (see: 
Japanese Unexamined Patent Publication (Kokai) No. 61-37097); 

(4) A method in which a fat producing microorganism of the genus (Thamnidium is cultivated in a 
medium -with a high carbon source concentration, and a fat is recovered from the cultured mycelium (see: 

25 Japanese Unexamined Patent Publication (Kokai) No. 61-37096); and 

(5) A method in which a fat producing microorganism of the genus Cunninghamella is cultivated in a 
medium with a high carbon source concentration, and a fat is recovered from the cultured mycelium (see: 
Japanese Unexamined Patent Publication (Kokai) No. 60-126091). 

However, in all of the methods known in the art. cultivation is carried out with the use of hydrocarbons 
30 such as n-aikanes, carbohydrates such as glucose, or sodium acetate, as the carbon source, and a method 
using other substances has not been proposed. Accordingly, there is a demand for a method of cultivating a 
microoganism with other substances as the carbon source, and obtaining a fat containing y-linolenic acid 
from the cultured product. 

35 

SUMMARY OF THE INVENTION 

Accordingly, the objects of the present invention are to meet the above-mentioned demand and to 
provide a method for producing fat containing -rlinolenic acid by utilizing substances other than hydrocar- 
40 bons. carbohydrates, and sodium acetate as a carbon source. 

Other objects and advantages of the present invention will be apparent from the following description. 
In accordance with the present invention, there is provided a method for producing a fat containing 7- 
linolenic acid, which comprises cuituring a microorganism belonging to the genus Absidia , the genus 
Mortiereila . the genus Mucor , the genus Rhizopus or the genus Syncephalastrum with a fatty acid or the 
45 ester thereof as the carbon source, and converting the fatty acid or the ester thereof to 7-linolenic acid. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 The present inventors carried out various studies into the cultivation of microorganisms with various 
substances as the carbon source, and into obtaining fats containing -y-linolenic acid from the cultured 
products in view of the state of the art as described above, and consequently found that, when a 
microorganism belonging to the genus Absidia such as Absidia corymbifera , a microorganism belonging to 
the genus Mortiereila such as Mortierellaisabeliina , a microorganism belonging to the genus Mucor such as 
Mucor ambiguus . a microorganism belonging to the genus Rhizopus such as Rhizopus oryzae , or a 

2 - 
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Whan „4. .or exai^eTC^^n' T.^^ZS'J Z^"^ " '"T'^ 
<a»y add or «,e 9,eroof be effic,en«y^SS to" r^.e^^^f^T'^l^^^ 

cuftured product, to accomplish the present inv^on ^^"^ 

The present invention will now be described In more detail below 
racemosum (^iTiF^^^ SD^aa (e.g.. IFO 5418). SyncephaJastrum 

25 Primarily of oleic acid a^H-Serc acid ra^rt^H ; . ''""""^ °"- "'^"'^'^ °" 

These fatty ac.ds and esters thereof may be used either aione or in any m1^ tS^of 

• .is 'cLtic^hrrra:.^^^^^^^^^^ r^2™ ~- - 

00 organic nitrogen sources such ^ urea SoSn^ , h ' "^^ ^-^^ 

preferably used In this^sf^ie linnS- T ' ^^^^ P™^'"' "^"^ =*««P more 

as soybean^tein. com Jee7 iauo oeSon^ nn. f"^" '° """S^'^ 5"<=h 

range of 3:1 to 1:2. * P^'^P^P^ne. casamino acids, and dried yeast, within the 

" ZnS0::7°?i"^CaC.^^^^^^^^ - ^^^O. MgS0..7HK). FeS0..7H^. 

surfactants such ^polyo^lyi^^^^ other growth factors such as yeast extract and malt extract, 

can be used durinTcSSjf'desir ^ ^"^ ""^'^ ""^'^"^ 

- prefX^7cXatTc"arn^d%utb^^^^^^ °l --organisms is not limited, but 

medium, or by c^ng o^^m.S^nlfltZ'T^^^ °' submerging a culture in a liquid 

example, a sponge^n Siirc^ JLv« fe^^ ^ "''"'^ ^^^^ium is impregnated in. for 

Of 10 to too'? t? one t^'?:he pS^rrm'?nd°;h?pr:f7eT? '^^"^'^ ^'"^ ^" 
cultivation temperature is preferably Vs to 35°C ^^d^l .fit ^. ^ preferably 3.5 to 5.5. the 

'5 After completion of the cuSon ! IL oult.vat,on time >s preferably about 5 to 10 days, 

containing Hin^.enic aLd ^o^th^^^^ - -thod for han,esting the fat 

in which, after collection of thn mi^r««,T example, there may be suitably used the method 

disrupted by a homSn zer wl^r^^^^^ T P^"'"*^' '"'^^^^^Oanism cells are 

extracting solvent. ^ ^'^^ ="""««"«ously with extraction of the fat with an 
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extracting solvent. 
Examples 
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Example l 

A mixture of 30 g of palm oil. 3 g of soybean protein, 3 g of KH2PO*. 0.3 g of MgSOa^yHzO 0.2 g of 
yeast extract. 0.2 g of malt extract. 10 mg of FeS0..7H2O. 1.2 mg of CaCI^.2H20 0.2 mg of CuS0..5H^. 
and 1 0 mg of ZhSCTHzO mixed in one liter of distilled water was adjusted to pH of 4.5. and 50 ml of the 
mixture was then filled into a Sakaguchi flask having a volume of 500 ml. After the microogan.sm strain 
shown in Table 1 was transplanted into this medium, cultivation was carried out at a temperature of 30 C. a 
shaking stroke of about 7 cm. and a shaking number of 200/mln. for 8 days. After the cultvation. 
microorganisms were collected with a glass fiber filter paper, and washed several times w.th d.st. led water 
and hexane. respectively, to remove the residual oil. The microorganism cells in the residua oil were 
disrupted and the fat was extracted by a homogenizer. with the use of chloroform/methanol = 2/1 (V/V) as 
the extracting solvent and glass beads as the distruption aid. The unsaponified product of the extracted fat 
was removed and then methyl-esterification was effected, followed by. an analysis of the fatty acid 
composition by gas chromatography. The results are shown in Table 1. 

Table 1 



20 


Micixx)rganism strain 


IFO No. 


D.C. 

(g/1) 


T.L./D.C. 

(%) 


y/t.l, 

(%) 




Absidia corvmbifera 


4010 


16.0 


42 


3.0 


25 


Macor aitibicuus 


6742 


14.2 


35 


3.6 




Mortierella isabellina 


7873 


13.0 


46 


4.5 


30 


n 


6739 


14.0 


38 


3.8 




Hhizopus oryzae 


5418 


20.6 


36 


4.0 




Syncephalastrum racemosiim 


4816 


17.2 


43 


4.6 


35 


n 


4828 


17.7 


24 


3.6 



40 



45 



50 



(Note) D*C. = Dry mycerium 

T,L. = Total lipid in dry mycerixim 
Y = Amount of y-iinolenic acid 
product. 



These abbreviations are also the same in Tables 2-4. 



Example 2 
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The same medium was used as used in Example 1. except that the palm oil was replaced by soya oil, 
rice bran oil. rape seed oil. com oil. castor oil or peanut oil as the carbon source. Mortierella isabellina (IFO 
7873) was transplanted thereto, and the cultivation and analysis were conducted under the conditions shown 
in Example 1 . The results are shown in Table 2. 



4 
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Table 2 





Carbon 
source 


D.C. 

(g/1) 


T.L. /D.C. 

(%) 


y/t.l. 

(%) 


JO 


Soya oil 


14.3 


35 


3.3 




Ricebran oil 


18.5 


40 


3.8 




Rapeseed oil 


21.2 


37 


1.9 


75 












Corn oil 


16.7 


39 


2.9 




Castor oil 


8.7 


35 


8.3 


20 


Peanut oil 


11.1 


50 


2.3 



25 



30 



35 



40 



45 



50 
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Example 3 

A mixture of 30 g of oleic acid. 3 g of soyl^ean protein, 3 g of KH2POX, 0.3 g of MgS04»7H20, 0.2 g of 
yeast extract. 0.2 g of malt extract. 10 mg of FeSO^«7H20, 1.2 mg of CaCl2« 2H2O, 0.2 mg of CuSOa^SHjO, 
and 1.0 mg of ZnS04«7H20 mixed in one liter of distilled water was adjusted to a pH of 4.5, and 100 ml of 
the mixture was then filled into a Sakaguchi flask having a volume of 500 ml. After the microorganism strain 
shown in Table 3 was transplanted Into this medium, cultivation was can-led out at -a temperature of SO^C, a 
shaking stroke of about 7 cm, and a shaking number of 200/min. for 8 days. After the cultivation, 
microorganisms were collected with a glass fiber filter paper, and washed several times with distilled water 
and hexane. respectively, to remove the residual oil. The microorganism cells in the residual oil were 
disrupted and the fat was extracted by a homogenizer. with the use of chloroform/methanol - 2/1 (V/V) as 
the extracting solvent and glass beads as the disruption aid. The unsaponified product of the extracted fat 
was removed and then converted to a methyl ester, followed by an analysis of the fatty acid composition by 
gas chromatography. The results are shown in Table 3. 
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Table 3 





. Micxcx)rganism strain 


IFO No. 


n c 

(g/l) 


{%) 


y/ i ♦Jj, 

(%) 


70 


Absidia corymbifera 


4010 


9.0 


40 


4.0 




Macor air±>igiius 


6742 


7.2 


29 


4.6 


75 


^fo^tierella isabellina 


7873 


5.5 


• 50 


6.4 


n 


6739 


6.4 


62 


5.8 




Rhizopus oryzae 


5418 


18.6 


30 


4.2 


20 


Syncephalastnmi racerosum 


4816 


10.4 


54 


3.0 




tf 


4828 


10.9 


71 


2.0 



25 



30 



35 



Example 4 

A mixture of 30 g of a 9:1 mixture of methyl oleate and methyl linoleate. 3 g of soybean protein, 3 g of 
KH2PO4. 0.3 g of MgS04*7H20. 0.2 g of yeast extract. 0.2 g of malt extract," 10 mg of FeS04»7H20, 1.2 mg 
of CaCl2*2H20. 0.2 mg of CuSO^^SHaO, and 1.0 mg of ZnSO^^THaO mixed In one liter of distilled water was 
adjusted to a pH of 4.5, and 100 ml of the mixture was filled into a Sakaguchi flask having a volume of 500 
ml. After the microorganism strain shown in Table 4 was transplanted into this medium, cultivation was 
carried out under the same conditions as in Example 1 for 8 days. After the cultivation, microorganisms 
were collected with a glass fiber filler paper, and washed several times with distilled water and hexane. 
respectively, to .remove the residual oil. Then, the cultured product was analyzed according to the method 
as shown in Example 1 to obtain the results shown in Table 4. 



40 



Table 4 



45 Microorganism strain IFO No. ^^^^j ^"'^(%?'^' 

>fc)rtierella isabellina 7873 3,7 30 6,1 

50 Rhizopus oryzae 5418 4.3 45 4.2 



55 Example 5 

A mixture of 10 g of palm oil, 3 g of corn steep liquor (abbreviated as C.S.L) (weight ratio = 10:3), 0.5 g 
of yeast extract. 0.5 g of malt extract, 3 g of KH2PO4 . 0.3 mg of MgS04«7H20, 1 0 mg of FeSOi«7H20. 1 .2 
mg of CaCl2«2H20, 0.2 mg of CuS04«5H20, and 1.0 mg of ZnS0j»7H20 mixed in one liter of distilled water 
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10 



75 



chloroform/methanol = 2/1 (V/V) as the e)*actina ^ ivf^flnf ^Jiomogenizer. w,th the use of 
unsapon^e. product of the eSe^ f"redtr^^^^^ reth'terfr^il^a: 
analys.s of the fatty acid composition by gas chromatography. The results are shown'nTi'e 5 
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As can be seen from Table 5. in all of the microorganisnns strains, when the weight ratio of the carbon 
source (paim oil) to the organic' nitrogen source (C.S.L.) is 10:3. a fat containing 7-linolen.c acid with a 
concentration (yfTL,) 1.5-fold or more that in the case of a weight ratio of 10:1, is formed. 



70 



Example 6 

The same medium as in Example 5 was prepared except that the amount of com steep liquor charged 
was changed to 1 to 20 g (weight ratio = 10:1 to 10:20) in example 5. Then 50 ml of the mixture was fil ed 
TnS a Sakaguchi flask having a volume of 50 ml. and Mortierella isabellina (IFO 7873) was transplanted 
thereto. The culturing was carried out under the same conditions as in Example 5 and an analysis was 
made. The results are shown in Table 6. 



75 



Table 6 



20 



25 



30 



35 



Weight ratio 
(palm/C.S.L. ) 


D.C. 

(g/1) 


T.L. /D.C. 

(%) 


y/t.l. 

(%) 


10/1 


6.5 


45 


4.5 


10/3 


8 . 0 


46 


6.6 


10/5 


7.4 


30 


9.4 


10/10 


9.9 


30 


9.1- 


10/15 


10.8 


28 


8.9 


10/20 


11.9 


26 


7.4 


(Note) 


* c.s 


. L. = corn 


steep liquor 



40 



It can be seen that fats with higher -rlinoienic acid contents can be obtained when the weight ratio of 
palm oil to com steep liquor is 10/3 to 10/20. compared to when it is 10/1. 
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50 



Example 7 

A mixture of 50 g of palm oil. 15 g of soybean protein (weight ratio 10:3). 1.0 g of yeast extract, 1.0 g of 
malt extract. 10 g of KH2PO. . 0.3 g of MgS0.-7H20. 10 mg of FeS0..7H20. 1.2 mg of CaCl2^2H20 0.2 mg 
of CuS04*7H20. 1-2 mg of 2nS04*7H20 mixed in one liter of distilled water was adjusted to a pH of 4.5 
Two liters of this medium were placed into a 2-liter jar fermenter. and after Mortierella isabellma (IFO 7873) 
was transplanted, cultivation was carried out at a temperature of 30°C, under an aeration of 1 vvm. at a 
shaking rotational number of 400 rpm for 150 hours. After the cultivation, the product was treated in the 
same manner as in Example 5 to obtain 59 g of dried microorganism cells and 24 g of the total fat. "me 
fatty acid composition of this product is shown in Table 7. 



55 
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Table 7 



10 



15 



20 



Fatty acid 


16:0 


18:0 


18:1 


18:2 18:3 (y) 


(%) 


23.6 


2.5 


49.4 


13.6 8.2 



i.n.^! ^r^t^"^ *® ""S^^'od of the present invention can efficiently produce ^-linolenic acid from a 

atty acd or the ester thereof, and therefore, according to the present invention, an Jl or fat con^ nt^^ 

l^ZLT ' ^''^^ inexpensive fa«y acids or errs ra^e^^ 

harvested from animal and vegetable oils and fats. mereof 



Claims 



1. A method for producing a fat containing 7-iinolenic acid comprising the steps of- 
a«nu^ Rhl'Z^ microorganism belonging to the genus Absidia , the genus Mortierella . "the genus Mucor the 
genus RJhoeus or the genus Syncaphalastn^m with a fatty acid or an esiiTiiiPiS? as tti cSSur^ 

25 converting the fatty acid or the ester thereof to 7-linolenic acid 

Absidia^'co^biL;' " microorganism belonging to the genUs Absidia is 

Mor^erCnaTsab^llinr '^'""^ --roorganism belonging to the genus Mortierella is 

"° ammlr '^'^ """'^ ' • '^^^^^'" ^^^ microorganism belonging to the genus Mucor is Mucor 

RhizopusTyza°e . microorganism belonging to the genus Bhizopus is 

P.nh,.«l"'^*^°c ^'^""^ ^'^"^ ^' *® microorganism belonging to the genus Svn- 

35 cephalastrufn is Syncephalastrumracemosum a y 10 me genus b^rv; 

of nlnnr^i? nl"^T^ '".''f''" component selected from the gr^up consisting 

of n-capnc acid, n-caprylic acid, lauric acid, myristic acid, palmitic acid, stearic acid oleic acid and Mr^S 
acid and esters thereof is used as the fatty acid or the ester thereof ° 

of oL^'onTvI "^'T f ^' component selected from the group consisting 

" e tef the^^f °"' °"' '^^^ ^--"^ °" "-^ as the Itty'acid oft^e 
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© Method for producing fat containing gamma-linolenic acid. 

@ A method for producing a fat containing 7- 
linolenic acid comprising the steps of culturing a 
microorganism belonging to the genus Absidia, the 
genus Mortierella . the genus Mucor , the genus 
Rhizopus or the genus Syncephalastrum with a fatty 
acid or an ester thereof as the carbon source, and 
converting the fatty acid or the ester thereof to 7- 
linolenic acid. 
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